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(54) SUBSTRATE OBSERVATION DEVICE 

(57)Abstract: 

PURPOSE: To miniaturize a substrate observation device, stabilize positioning accuracy, and 
eliminate the deflection of an optical system. 

CONSTITUTION: This is a spherical body inspection device for inspecting a plurality of steel 
balls 1 arranged on an inspection substrate 2. A light projection part 24 is composed of ring 
light sources 28, 29, 30 for projecting respective lights of red, green, and blue and this 
projection part 24 and an image pickup part 25 are movably supported by an X-axial table part 
22 and a conveyer 27 for supporting the inspection substrate 2 is movably supported by an Y- 
axial table part 23. X, Y table controllers 37 of a processing part 26 control movement action 
of the X-axial table part 22 and the Y-axial table part 23 based on outputs of a controller part 
(CPU) 39 so that the inspection substrate 2 is positioned to the projection part 24 and the 
pickup part 25. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] \ * 

[0001] 

[Industrial Application] This invention picturizes the substrate in which two or more observation objects were carried with image pick-up 
equipment under predetermined lighting, and relates to the substrate observation equipment which observes each object using that image pick- 
up pattern. 
[0002] 

[Description of the Prior Art] This conventional kind of equipment arranges the susceptor for supporting a substrate on an X-Y table, arranges the 
floodlighting section and the image pick-up section, grows into that upper part, drives an X-Y table in advance of observation, and he is trying to 
position a substrate to a predetermined observation post. 
[0003] 

[Problem(s) to be Solved by the Invention] In the above configurations, since a substrate moves to X and Y car shaft orientations, it needs to set 
up an X-Y table widely, and it has the problem that an equipment configuration is enlarged. Moreover, when performing two-dimensional 
migration, there is also a problem that secular change of positioning accuracy become large. 

[0004] The problem of on the other hand taking time amount before Bure of optical system becomes large and image pick-up actuation is 
stabilized by carrying out two-dimensional migration of the image pick-up section in this case although moving an image pick-up section side is 
also considered instead of moving a substrate arises. 

[0005] This invention was made paying attention to each above-mentioned trouble, and aims at realizing the miniaturization of equipment, 
stabilization of positioning accuracy, and a dissolution of Bure of optical system by making the both-way migration of a substrate and the image 
pick-up section carry out in the direction which intersects perpendicularly with along the level surface mutually, respectively. 
[0006] 

[Means for Solving the Problem] equipment for this invention to observe the substrate in which two or more observation objects were carried - it 
is - along the level surface - a round trip - with the 1st movable table the direction which is established in the upper part location of said 1st 
table, and intersects perpendicularly with the migration direction of the 1 st table along the level surface - a round trip ~ with the 2nd movable 
table While having the control section which controls migration actuation of each said 1st and 2nd table and establishing the support means for 
supporting said substrate on said 1st table The floodlighting section which changes from the light source in a circle to said 2nd table, and the 
image pick-up section which picturizes said substrate under the lighting of this floodlighting section are arranged. 
[0007] 

[Function] By controlling migration actuation of each table, it moves in the direction in which a substrate, the floodlighting section, and along the 
level surface and the image pick-up section cross at right angles mutually, and a substrate is positioned to the floodlighting section and the 
image pick-up section in a proper location. In this case, since the successive range of a substrate becomes small, an equipment configuration is 
miniaturized. Moreover, since a substrate and the image pick-up section only carry out straight-line migration, positioning accuracy cannot age 
easily. Compared with the case where two-dimensional migration of the image pick-up section is furthermore carried out, Bure of optical system 
becomes small, and it can shift to observation processing whether you are Sumiya. 
[0008] 

[Example] the detection system which drawing 1 is the principle explanatory view of the sphere test equipment concerning one example of this 
invention, and consists of the floodlighting section 5 and the image pick-up section 6, and the sphere which is a subject of examination - the 
physical relationship of 7 is shown. 

[0009] In this drawing, if the flux of light 8 is floodlighted by the incident angle i to the front face of floodlighting section 5 twist sphere 7, the 
reflected light bundle 9 of include-angle i' (=i) will carry out incidence to the image pick-up section 6 placed right above, and will be detected, the 
sphere illuminated by said flux of light 8 by this - it means that it was detected that the curved-surface element of 7 makes the include angle of i 
to datum level 10 

[0010] Moreover, if the floodlighting section 5 floodlights the flux of light 8 in which an incident angle has the width of face of 2deltai from i+deltai 
to i-deltai, the reflected light bundle 9 which has the width of face corresponding to the width of face will be detected by the image pick-up 
section 6. That is, the curved-surface element in which datum level 10 and the tilt angle to make have the include angle of the width of face from 
i+deltai to i-deltai in this case can be detected. 

[0011] Furthermore, if the floodlighting section 5 is the thing in a circle horizontally installed to datum level 10 as shown in drawin g 2 Since the 
distance of sphere 7 will be fixed in the floodlighting section 5 and the stacking tendency of the direction of an angle of rotation of a curved- 
surface element will be eliminated no matter what angle of rotation the sphere 7 may have to the center line 4 vertical to datum level 1 0 if sphere 
7 is located on the center line 4 of an annulus ring Only datum level 10 and the tilt angle to make will be detected. 

[0012] in addition, it is shown in this drawing 2 - as - the floodlighting section 5 - a sphere - if constituted with two or more light sources 11,12, 
and 13 in a circle from which the incident angle of 7 differs, a curved-surface element with the orientation corresponding to the incident angle of 
the flux of lights 14, 15, and 16 by each light source is detectable. Moreover, if what emits a different hue light as each light sources 11, 12, and 
13 is used, it can distinguish and ask for the detection data from a curved-surface element with the orientation of a different include angle, 
without needing exceptional processing. 

[0013] If the light sources 1 1, 12, and 13 in a circle whose radii are three of rn (2 however, n= 1 and 3) now are installed to datum level 10 at a 
level with the location of height hn (2 n= 1 and 3) the incident angle of each flux of lights 14, 15, and 16 of sphere 7 - respectively - in (2 n= 1 
and 3) - becoming - a sphere - the tilt angle in 7 - respectively - in it is - each curved-surface element is detectable with the image pick-up 
section 6. What is necessary is just to define an incident angle, i.e., the tilt angle of a curved-surface element which it is going to detect, by the 
degree type as compared with all the optical path lengths from each light sources 11, 1 2, and 1 3 to [ through the front face of sphere 7 ] the 
image pick-up section 6 at this time, since the magnitude of a curved-surface element is fully small. 
[0014] 



[Equation 1<] 

h - 

COS i n = — 

1 h . 3 + r . ' 

[0015] Drawin g 3 shows the whole sphere test equipment configuration concerning one example of this invention, the equipment of the example 
of a graphic display - the object for ball bearings - although it is for taking lessons from a shot and inspecting that surface roughness and 
sphericity automatically - this invention - the object for ball bearings - of course, it is applicable not only to a shot but other spherical inspection 
Moreover, the equipment of this invention can carry out application implementation not only at spherical surface roughness or inspection of 
sphericity but at various kinds of other inspection, such as inspecting the existence of the blemish produced for example, on the sphere front 
face. 

[0016] The equipment of the example of a graphic display collates beforehand the instruction pattern which asked for by count and which was 
made to memorize, and the image pick-up pattern which picturized and obtained the shot 1 which is a subject of examination, is for inspecting 
whether the surface roughness and the sphericity of a shot 1 are proper, and contains the X-axis table section 22, the Y-axis table section 23, 
the floodlighting section 24, the image pick-up section 25, the processing section 26, etc. as the configuration. 

[0017] In the case of this example, as many shots 1 to be examined are inspected at once and it is shown in drawin g 4 , it prepares in the front 
face of the inspection substrate 2 at arrays [ holes / 3 / two or more / support ], and what carried out fitting support of the shot 1 , respectively is 
supplied to each support hole 3 at this sphere test equipment, each - the height of the floodlighting section [ as opposed to the inspection 
substrate 2 in array spacing of a shot 1 ] 24, and the image pick-up section 25 - receiving - since it is small enough - each - a shot 1 exists on 
the center line of the floodlighting section 24 - be rich and do - simultaneous inspection is attained. 

[0018] Said X-axis table section 22 and the Y-axis table section 23 constitute the positioning device for positioning the inspection substrate 2 in a 
proper location to the floodlighting section 24 and the image pick-up section 25, and are equipped with the motor (not shown) which operates 
based on the control signal from the processing section 26, respectively. If these motors drive, the X-axis table section 22 will move the image 
pick-up section 25 and the floodlighting section 24 in the direction of X, and the Y-axis table section 23 will move the conveyer 27 which supports 
the inspection substrate 2 in the direction of Y. 

[0019] this inspection substrate 2 top - each - it is simultaneously picturized by the image pick-up section 25, a shot 1 receiving the exposure 
light from the floodlighting section 24. 

[0020] the floodlighting section 24 - the control signal from the processing section 26 - being based - red light, green light, and blue glow - 
respectively - generating - each - it has the light sources 28, 29, and 30 in a circle for irradiating by incident angle which is different to a shot 1 , 
and floodlights to said inspection substrate 2 by the light which the three-primary-colors light which emitted these light sources 28, 29, and 30 
mixed, and the reflected light image is obtained in the image pick-up section 25, and is changed into an electrical signal. Although the thing of 
the structure to which each aforementioned light sources 28, 29, and 30. put red and each green and blue filter on the source of the white light in 
the case of this example is used, if each hue light is generated, of course, it is not restricted to such a configuration. 

[0021] the color-television camera 32 which located the image pick-up section 25 on the upper center line of said floodlighting section 24 next - 
having - **** - said inspection substrate 2 top - each - the reflected light from a shot 1 is changed into the color signals R, G, and B in three 
primary colors by this color-television camera 32, and is supplied to the processing section 26 with it. 

[0022] The processing section 26 The A/D-conversion section 33, Memory 38, it is what consists of the teaching table 35, the image-processing 
section 34, the judgment section 36, X, Y table controller 37, the image pick-up controller 31 , the CRT display section 41 , a printer 42, a 
keyboard 40, a floppy disk drive unit 43, a control section (CPU) 39, etc. the time of teaching mode - count - the instruction pattern of a shot 1 - 
generating - a judgment data file - creating - moreover, the time of the verification mode - the inspection substrate 2 top - each - color 
signals R and G and B are processed about a shot 1, an image pick-up pattern is detected, and an inspected data file is created, and this 
inspected data file and said judgment data file - comparing - this comparison result to the inspection substrate 2 top - each - surface 
roughness and the good of sphericity, and a defect are automatically judged per shot 1 . 

[0023] Drawin g 5 shows the image 20 which picturized and obtained the inspection substrate 2, and the image pick-up pattern P about all the 
shots 1 is contained in this image 20. 

[0024] Drawin g 6 is the instruction pattern PS of a shot 1 . The red and each green and blue hue patterns PR, PG, and PB which show and make 
the shape of an annulus ring It has appeared on the concentric circle. Which hue patterns PR, PG, and PB It is a perfect perfect circle, and the 
border line is smooth and irregularity does not exist. 

[0025] Drawin g 7 shows the image pick-up pattern P of a certain shot 1 , and is the instruction pattern PS. They are each hue patterns PR, PG, 
and PB at a same order foreword. It has appeared on the concentric circle. Each hue patterns PR, PG, and PB In the internal and external 
border line, the irregularity 21 according to the surface irregularity of a shot 1 has appeared, and it is the instruction pattern PS. The quality of the 
surface roughness of a shot 1 is judged by evaluating extent of said receiving irregularity 21 . 

[0026] Drawing 8 is the instruction pattern PS. It is what received and showed the low image pick-up pattern P of sphericity with the alternate 
long and short dash line, and they are each hue patterns PR, PG, and PB. The quality of the sphericity of a shot 1 is judged by evaluating extent 
of a perfect circle. 

[0027] It returns to drawin g 3 , and when color signals R, G, and B are supplied from said image pick-up section 25, the A/D-conversion section 
33 carries out analog-to-digital conversion of this, and outputs it to a control section 39. Memory 38 is equipped with RAM etc. and used as 
activity area of a control section 39. The image-processing section 34 carries out the image processing of the image data supplied through the 
control section 39, creates said inspected data file and judgment data file, and supplies these to a control section 39 or the judgment section 36. 
[0028] When this is memorized when a judgment data file is supplied from a control section 39 at the time of teaching, and a control section 39 
outputs a transfer request at the time of inspection, the teaching table 35 reads a judgment data file according to this demand, and supplies this 
to a control section 39, the judgment section 36, etc. 

[0029] the judgment data file to which the judgment section 36 was supplied from the control section 39 at the time of inspection, and the 
inspected data file transmitted from said image-processing section 34 - comparing - the inspection substrate 2 top - each - the quality of 
surface roughness and sphericity is judged per shot 1 , and the judgment result is outputted to a control section 39. 

[0030] The image pick-up controller 31 is equipped with the interface which connects a control section 39, the floodlighting section 24, and the 
image pick-up section 25, and based on the output of a control section 39, the quantity of light of each light sources 28, 29, and 30 of the 
floodlighting section 24 is adjusted, or it controls maintaining the mutual balance of each hue optical output of the color-television camera 32 of 
the image pick-up section 25 etc. 

[0031] X and Y table controller 37 are equipped with the interface which connects a control section 39, said X-axis table section 22, and the Y- 
axis table section 23, and control the X-axis table section 22 and the Y-axis table section 23 based on the output of a control section 39. 
[0032] The CRT display section 41 displays this on a screen, when it h^ the Braun tube (CRT) and image data, a judgment result, key input 
data, etc. are supplied from a control section 39. A printer 42 is printed out with the format (format) which was able to determine this beforehand, 
when a judgment result etc. is supplied from a control section^. The keyboard 40 is equipped with various keys required to input actuation 



information, the data about an instruction pattern, etc., and information, data, etc. which were inputted from this keyboard 40 are supplied to a 
control section 39. 

[0033] The control section 39 is equipped with the microprocessor etc. and operates along with the procedure described below, the time of 
inspecting the new shot 1 first - a control section 39 - the key input data about an instruction pattern - being based - the inspection substrate 2 
top - all - teaching is ended, after creating a judgment data file required to inspect a shot 1 and storing this in the teaching table 35. 
[0034] If it next shifts to the verification mode, a control section 39 will read a judgment data file from the teaching table 35, and will supply this to 
the judgment section 36 while it incorporates the date data and ID number (identification number) to be examined of the day from the teaching 
table 35 or a keyboard 40. 

[0035] Then, a control section 39 confirms whether the inspection substrate 2 was set on the Y-axis table section 23, after preparing image pick- 
up conditions and the processing conditions of data. 

[0036] the image pick-up section 25 if the inspection substrate 2 is set, after a control section's 39 controlling the X-axis table section 22 and the 
Y-axis table section 23, and carrying out location appearance of the inspection substrate 2 and carrying out it - the inspection substrate 2 top - 
all - a shot 1 is made to picturize A/D conversion of the color signals R, G, and B in three primary colors acquired in this image pick-up actuation 
is carried out in the A/D-conversion section 33, and that conversion result is memorized by memory 38 on real time. 

[0037] Subsequently, from said memory 38, the image data corresponding to each hue is made to transmit to the image-processing section 34, 
the image data of each hue is made binary with the suitable threshold according to each hue in this image-processing section 34, and a control 
section 39 is red and each green and blue hue patterns PR, PG, and PB. After detecting, an inspected data file is created based on each hue 
pattern, subsequently, a control section 39 makes said inspected data file transmit to the judgment section 36, and compares this inspected data 
file with said judgment data file - making - the inspection substrate 2 top - each - while making the quality of surface roughness and sphericity 
judge per shot 1 , this judgment result is supplied to the CRT display section 41 or a printer 42, and these are made to display and print out 
[0038] In addition, although the above-mentioned example is an example using the three light sources 28, 29, and 30 which output three- 
primary-colors light as the floodlighting section 24, the four or more light sources which output colored light which may use 1 thru/or two or more 
light sources which outputs not only this but the white light or the homogeneous light, and is different may be used for it. 
[0039] 

[Effect of the Invention] Since this invention was constituted so that the both-way migration of the floodlighting section and the image pick-up 
section might be made to carry out in the direction which intersects perpendicularly with the migration direction of a substrate along the level 
surface while it carried out both-way migration of the substrate in which two or more observation objects were carried like the above along the 
level surface, it can make the successive range of a substrate small and can realize the miniaturization of an equipment configuration. Moreover, 
since a substrate and the image pick-up section only carry out straight-line migration, the observation conditions which positioning accuracy 
stopped being able to age easily and were stabilized over the long period of time can be set up. Compared with the case where two-dimensional 
migration of the image pick-up section is furthermore carried out, Bure of optical system becomes small, and the remarkable effectiveness which 
attained the invention object is done so - it can shift to observation processing whether you are Sumiya. 
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5S8B3 6. X. Yf-/;wyhn-53 7, JUSny 
hn-53 1. CRT«^S4 1. T'jy^4 2, 
#-1*4 0. 7D7tfa?ill4 3, M«»(CP 
U) 3 9%yfrt3ffif8,%tlhi><7)X\ r-f-f-y^- 

ho t s . tmz £<ommi v -y^'mtx 

«03S«2±co*««ilt:ov^*?-fi-tR. G, B 

T^zmmzmm-tz. 

[0023] 05(4. t$&m.2 *m.lX'&tzW<&2 
0*7jk?h<r)X\ Z\ cr>mm 2 0* C(4i>T cr>®%i 1 (CO 

[0024 3 06(4. «WlOft*/^-yPs S-^-f 

VPr , Pg , Pb ^[n]'Cfl±(CllixTU2>. ^itiff) 
WW-yPi . Pg , Pb h^ZcnPlX'fc*) . % 

<n$mmi%frhfrx-h^xw&iz&i£Ltt:^\ 
[0025] 07(4. &hmm<F>mw*?-yPi^ 
•th<r>x\ im^f-vPi kmmtfx'^im^-y 

Pr . Pg , Pb ifm^HzMtlX^h . *fMB'^ 
-yPR . Pg , Pb <Ortfk3(feH5»t(4. ^1<0^ 

mw&izm tt:w& 2 i »t a o . «k*v v - y p 

[00 26] 08(4, ^A-^-yPs (cWLTJUfJK 

ffl^-yPR , Pg . Pb OKP3«JS«Sr»«[ft"t4 
i fc (w4 0 . MS 1 oKS«<O^S£WBfft 4 . 
[0027] 03(CM-?T. A/D3Bfl»3 3(4fMl 
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!2 5*»4»*5-ft^R. G, Bm&ZtlKkZ 
C. -Iftfc77n/--f *i/?;|^LTMW»3 9^ 
fflfrfi. ft'J 3 8(iRAM&fc-£flt;i, $ljffllg839 

ofHKx ij Tk l xm>tii . mmm® 3 4 itmm 

Wl&T- ??t4 /UWl5gr-^ 7 r -f >\,Zftf$L I . 

[0 0 28] r-f-f-y^f— -/;U3 5Jir-f-^y/ 
6, Cl*vS:KttU, *£ttiEtt^lU^9tfEi8S$ 10 
Mt»iBl/t, wft£lWW»3 9*1sj««3 6'8rif^tt 

[0029] Wg«3 6(i. &ElEtt£MmV3 9*>fe« 

tweu -e^pj^is**ia«»3 9^ai^-r6. 

[0030] iMnyhn-^ Hi, $iJtMS53 9i:a 
«»2 4i3j:tflt««2 5k«raNJM-*'fy5'-7x- 20 

MW«3 9<0&ficaW3ift*»2 4^) 
##»2 8. 29, SOOftftS-pSUcO, Jttt»2 
5<^ 7 3 2<r>&&&%\5tf]0ffiKrt7 

[003 1 ] X, YT-y>Vayhn-y3im\im 
3 9 fc MEXttf— 7*;i^B2 2feJ:t^Yttr-7';Ha?2 

9(0tK^tcao'^ X(*r-7*;ua52 2ts«k^YWr-7" 
/HW2 3MWM-*. 

[0032] C R T^^§|54 1 Ii75 *J V§ (CRT) 30 

ZixfctZ. ZtiZ^frm^ixtzgX (7*- v-y 
|, ) x-TV y b 7 <7 Y-th . K 4 0 (iS^ffifg 

W - v izffl? I r - * =Sr t' * A*) 1 1> so t 

[0 0 3 3] MW»39tt, V^DrD^vt^rt'J 

ffifc=5r««l £#&thb S , SAWS 3 9ti, 

1 ZW&th -f 7 r 4 /W£ 
fftftU ClixSrr-f-^y^T-7^3 5{ciaiS$-li:^ 

[0034] oyfctJSE*- HtSfW* i: . Mfflffi 3 
9(ir-f-^>-^r-7*^3 5-"S»3— .tf-F4 0*>£>* 

^) SrSXOiLtrfcfcifc. r * -^y/r-7;U3 5*> 
bm.T-97r4)\,m*-&LX. Cft.$r«5£gB36 50 



[0035] ^«J|*ggP3 9ti, »«£ft*S>T-* 

[0036] mam2ifi-t •? h $*u>t . sii8Pa!3 9 

«iXWx-7'/l^|52 2fcJ;lfYllfif-7;l^P2 3$rf]ffll 

w. 2 ±.<7)£mm izmi&Zitb. z nmrnm-n hti 

fcESfe<0*5-fl#R. G. BttA/DS»«3 3-C 
[0037] ovve*JWa53 9tt. frlfi^^'J 3 8 J; 0 

•it. z0)wmmw&3 4izx&mmigiT-9z&& 
m<ko®mL$^mx'2mfc-tz>%t'ix , *e. it 

mh. ootn?jwa3 9{4, friBa^r-^7r^ 
t mzwfeT- ?7T4/ut*itmvx. tmmm 2 

i<0|iJ«tt«SCRT«5H»4 1^7'U 

7«>h$-ti:S. 

[0038] =5r*5±ie^iSWi. tS^SR 2AtLXEM 
fcft£a^-fl>3fl<7)«(2 8. 2 9. 3 0 2rfflU7t<^ 

S 1 «rv ^ L«8Rffl^3t»S: IB vvt t WC* •> T t J: < , 

&KWj&^*&z?h4ti±<?ftmimtzb<ox' 
b-?xhi.i\ 

[0039] 

k tt, »36»*J J:tf««***¥liI«)v^36ISO»«i 
[E3iB<OfflJMrRHB3 

[013 CWlMBWJHaSrSrf«attWia-C*>*. 
[02] iW*i!)i^)JHllSrji%tJiatt9JHTA4. 
[03] i«»nfl<0-9EWMfc*»*>*«fW*iaMI<^ 

[04 ] «3HHR^jStfliiiia-C*i. 
[05] ffl«9T»fcB«S: jStKBflB-C* 5 . 
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[H6 ] m^w-vzifstmmx'bh. 
ens j ^-y<mm.i^tm i mx'hh. 

1 mm 

2 m 

mi] 



8 



5, 24 Sftg? 

6, 25 mm 

2 2 xnf-f)vu 

2 3 Y^r-y^S? 

2 6 jaaai 

1 1. 1 2. 1 3. 28, 29. 30 
[02] 



3K» 

[05] 





[083 
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